Circadian Effects on Neural Blockade of Intrathecal Hyperbaric Bupivacaine by Lee, Cheol et al.
Korean J Pain 2010 September; Vol. 23, No. 3: 186-189
pISSN 2005-9159  eISSN 2093-0569
DOI：10.3344/kjp.2010.23.3.186
| Original Article |
Circadian  Effects  on  Neural  Blockade  of 
Intrathecal  Hyperbaric  Bupivacaine
Departments of Anesthesiology and Pain Medicine, *Orthopaedic Surgery, 
W o n k w a n g  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  I k s a n ,  K o r e a
Cheol  Lee,  MD,  Deok  Hwa  Choi,  MD,  and  Soo  Uk  Chae,  MD*
Background: 
Circadian variations in the absorption, distribution, protein binding, elimination and metabolism of drugs 
account for many of the administration-time-dependent differences in their pharmacokinetics. The aim of this 
study is to determine whether the time of intrathecal injection influences spinal anesthesia. 
Methods: 
Ninety patients scheduled for orthopedic surgery were randomly assigned to three groups. Each group 
received spinal anesthesia with 0.5% bupivacaine 10 mg at different times; group AM (8 am to 12:00), group 
Noon (12:00 to 4:00 pm) and group PM (4:00 pm to 8:00 pm). Sensory and motor blockade were assessed 
by pinprick and a four-point modified Bromage scale. Time to first postoperative analgesic requirement and 
side effects such as hypotension, bradycardia, nausea, and shivering were recorded.
Results: 
No significant differences were found among the three groups in peak sensory blockade, duration of motor 
block to Bromage 1 or side effects, but time to first postoperative analgesic requirement (P = 0.008), and 
recovery time of S1 sensation to pinprick were significantly prolonged in group Noon compared with the other 
groups (P = 0.03).
Conclusions: 
The tine of administration of spinal local anesthetics influences the duration of local anesthesia. (Korean 
J  Pain  2010;  23:  186-189)
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INTRODUCTION
　Many studies have been conducted in animals and hu-
mans demonstrating circadian time-dependent differences 
in acute and chronic toxicity, pharmacokinetics and phar-
macodynamics  of  local  anesthetic  agents.  Most  studies 
were done with amide-type agents demonstrating a dos-
ing-time dependency in toxicity [1-3].
    Debon et al. [4] reported a significantly longer effect 
of epidural ropivacaine during the first stage of labor in 
the diurnal period (morning and afternoon) when compared 
with the nocturnal period (e v ening and nigh t). The an-
algesia duration was 20-28% longer in the diurnal period 
and the longest anesthesia duration occurred at 3:00 pm.
    Because important differences in the duration of ac-
tion of local anesthetic with respect to time of admin-
istration have been demonstrated in several fields (trans-
cutaneous,  dental  and  epidural,  etc),  we  designed  this 
study to determine whether the time of administration in-
fluences spinal hyperbaric bupivacaine. Our study may be 
the first to investigate the influence of the time of admin-
istration of spinal local anesthetics on the duration of an-
es thesia, because n o s tu dies ha v e been pub lished con-
cerning about that. 
MATERIALS  AND  METHODS
    This study protocol was approved by our hospital eth-
ics committee, and written informed consent was obtained 
from all study participants. Ninety patients with Class 1 
a n d  2  o f  t h e  A m e r i c a n  S o c i e t y  o f  A n e s t h e s i o l o g i s t s  
Physical Status classification scheduled for orthopedic sur-
gery were randomly assigned to three groups. Each group 
received spinal anesthesia with 0.5% bupivacaine 10 mg at 
diff erent times: group AM (8 am to 12:00), group N oon 
(12:00 to 4:00 pm) and group PM (4:00 pm to 8:00 pm). 
The baricity of bupivacaine was 1.026 at 20
oC and 1.021 
at 37
oC. Patients were excluded from the study if they had 
abnormal coagulation profiles, skin infections or they re-
fused regional anesthesia. 
    No premedication was given. An intravenous infusion 
of 500-700 ml lactated Ringer's solution was started on 
arrival in the operating room. All patients were monitored 
using noninvasive blood pressure monitoring, pulse oxime-
try and electrocardiography. Spinal anesthesia was per-
formed at the L3-L4 or L4-L5 level in the sitting position 
using a 27-gauge Quincke needle. After free flow of cere-
brospinal fluid was observed, a total volume of 2 ml spinal 
solution was administered to each patient over 10-15 s. 
Patients were put into the prone position immediately after 
intrathecal injection. Episodes of bradycardia (heart rate 
＜ 5 0  b e a t s / m i n )  o r  p e r i o p e r a t i v e  h y p o t e n s i o n  ( s y s t o l i c 
blood pressure ＜ 20% of baseline) were recorded and were 
treated with a loading of fluid, intravenous ephedrine or 
atropine. Sensory block level was measured using pinprick 
testing and the degree of motor block was assessed using 
a four-point modified Bromage scale [5] by asking the pa-
tient to flex the hip, knee, and ankle joints (0, full flexion 
of the knees and feet; 1, just able to flex knees, full flexion 
of feet; 2, unable to flex knees, flexion of feet; 3, unable 
to move legs or feet, full motor block). Sensory and motor 
evaluations were performed at 1 min intervals for the first 
5  m i n  a n d  t h e n  e v e r y  5  m i n  u n t i l  t h e  e n d  o f  s u r g e r y . 
Further evaluation was then done at 10 min intervals in 
the postanesthesia care unit until recovery time of S1 sen-
sation and d uration of motor block to Bromage 1. P eak 
sensory blockade and side effects such as hypotension, 
b r a d y c a r d i a ,  n a u s e a ,  s h i v e r i n g  w e r e  r e c o r d e d .  P a t i e n t s  
were given analgesics when VNRS (verbal numerical rating 
scale) scores were 5 or more.
    Results are presented as mean ± standard deviation, 
median (range) or number of patients. Comparison of age, 
body weight, height, administered fluid, time to first post-
operative analgesic requirement, duration of motor block 
to Bromage 1, and recovery time of S1 sensation to pinprick 
among groups were conducted using one-way ANOVA, fol-
lowed by a Tukey's HSD post-hoc test to determine inter-
group differences. Because peak sensory blockade values 
were not normally distributed, the Kruskal-Wallis test was 
used. Chi-square test was used to analyze nonparametric 
data such as gender, and frequency of hypotension, bra-
dycardia, nausea, and shivering.  P values of ＜ 0.05 
were considered statistically significant. 
RESULTS
    The three groups were comparable with respect to 
age, weight, height, gender distribution, operation dura-
tion, administered fluid and type of operation (T able 1).
    There were no significant differences in peak sensory 
blockade or duration of motor block to Bromage 1 among 
the three groups. Time to first postoperative analgesic re-188 Korean J Pain Vol. 23, No. 3, 2010
Table 1. Demographic and Clinical Variance and Operation Type
Group AM
(n = 30)
Group Noon
(n = 30)
Group PM
(n = 30)
Age (yr)
Height (cm)
Weight (kg)
Sex (M/F)
Duration of operation (min)
Administered fluid (ml)
Time to first postoperative analgesic 
 requirement (min)
Type of operation
  Knee arthroscopy
  Metal remove (tibia, femur)
  Passive manipulation (knee)
49.9 ± 10.8
163.3 ± 5.9
62.6 ± 7.5
14/16
55.8 ± 12.5
810.5 ± 98.2
127 ± 13.1
18
 5
 7
48.8 ± 11.2
162.8 ± 4.5
61.8 ± 8.7
15/15
56.5 ± 10.9
850.8 ± 80.4
  138 ± 10.6*
15
 7
 8
48.2 ± 11.9
162.9 ± 6.6
62.8 ± 7.6
13/17
58.1 ± 8.5
860.2 ± 89.3
  129 ± 12.2
16
 5
 9
Values are mean ± SD. Group AM: were performed spinal anesthesia at 8 am to 12:00. Group Noon: were performed spinal anesthesia
at 12:00 to 4:00 pm. Group PM: were performed spinal anesthesia at 4:00 to 8:00 pm. *P  ＜ 0.05 compared with other two groups.
Table 2. Sensory and Motor Blockade
Group AM
(n = 30)
Group Noon
(n = 30)
Group PM
(n = 30)
Recovery time of S1 sensation to pinprick (min)
Duration of motor block to Bromage 1 (min)
Peak sensory blockade
175.3 ± 7.9
130.6 ± 7.1
T6 (T4-10)
  181.8 ± 12.8*
134.5 ± 8.8
T6 (T3-10)
176.0 ± 7.3
132.4 ± 8.2
T7 (T4-10)
Values are mean ± SD or median and range. Group AM: were performed spinal anesthesia at 8 am to 12:00. Group Noon: were performed
spinal anesthesia at 12:00 to 4:00 pm. Group PM: were performed spinal anesthesia at 4:00 to 8:00 pm. *P ＜ 0.05 compared with other
two groups.
Table 3. Side Effects During Operation and Recovery Period
Group A
(n = 30)
Group N
(n = 30)
Group P
(n = 30)
Intraoperative pain
Hypotension
Bradycardiag 
Nausea 
Shivering
0
4
6
2
3
0
3
5
3
3
0
3
6
2
1
Values are mean ± SD. Group AM: were performed spinal 
anesthesia at 8 am to 12:00. Group Noon: were performed spinal
anesthesia at 12:00 to 4:00 pm. Group PM: were performed spinal
anesthesia at 4:00 to 8:00 pm. No significant differences are found
the three groups.
quirement (P = 0.008) and recovery time of S1 sensation 
(P = 0.03) were significantly longer in group Noon than 
in the other two groups (T able 2).
    Side effects such as hypotension, bradycardia, nausea, 
and shivering did not significantly differ among the three 
groups (Table 3).
DISCUSSION
    Anesthesiologists choose a particular local anesthetic 
in part because of the differences in onset and duration 
of effect [5]. As for many other drugs, efficacy and toxicity 
of local anesthetics depend on time of administration. We 
found that recovery time of S1 sensation recorded after 
administration of the same dose of intrathecal bupivacaine 
was significantly longer in group Noon (12:00 to 4:00 pm) 
than in the other two groups according to time of drug 
administration.  Our  results  are  comparable  to  previous 
studies, which exhibited a circadian rhythm of the duration 
of local anesthesia induced by lidocaine, bupivacaine and 
mepivacaine, with the longest anesthesia duration being in 
the afternoon, at 3:00 pm [1,2,4,6]. Several mechanisms C Lee, et al / Intrathecal Bupivacaine and Circadian Effects 189
are believed to be involved. Membrane nerve cell perme-
ability to ions, namely, the cell potassium concentration 
and the K
＋ efflux from cells and circadian rhythm of cat-
e c h o l a m i n e  r e l e a s e  a r e  l o w e s t  a r o u n d  3 : 0 0  p m  [ 4 ] .  
Chassard et al. [2] found the duration of intrathecal plain 
bupivacaine analgesia (2 mg) exhibited a temporal pattern 
w i t h  2 5 %  v a r i a t i o n  d u r i n g  t h e  d a y t i m e ,  a n d  p e a k e d  a t  
a r o u n d  1 2 : 0 0 .  H o w e v e r ,  d u r a t i o n  o f  m o t o r  b l o c k  t o  
Bromage 1, and side effects such as hypotension, brady-
cardia, nausea, and shivering did not significantly differ 
among the three groups. 
    Administration-time differences in the pharmacoki-
netics of local anesthetics were explored in rodents using 
lidocaine, bupivacaine, etidocaine and mepivacaine. Changes 
in plasma levels and tissue concentrations, especially in the 
heart and brain, are particularly important when evaluating 
the toxicity of these medications to the central nervous 
and  cardiovascular  systems.  Circadian  variations  in  the 
absorption, distribution, protein binding, elimination, and 
metabolism  of  drugs  account  for  many  of  the  admin-
istration-time dependent differences in the pharmacoki-
netics of local anesthetics [6-10]. 
    A limitation of our study was that we couldn't record 
postoperative pain level and the need for analgesia was in-
fluenced by the time of day the operation was performed. 
In our pilot study, some group PM (4:00 to 8:00 pm) pa-
tients in wards rejected their report after surgery owing 
to sleep disturbance. Therefore, we assessed sensory and 
motor blockade during operation and in the recovery room. 
In addition, differences in time to first postoperative an-
a l g e s i c  r e q u i r e m e n t  a n d  r e c o v e r y  t i m e  o f  S 1  s e n s a t i o n  
among groups in our study were clinically less important, 
although they were statistically significant. Circadian var-
iation in the occurrence and intensity of pain has been de-
scribed in many clinical situations [4,10-12]. Knowledge of 
these temporal patterns should be the first step in design-
i n g  t r e a t m e n t s  f o r  p a i n  r e l i e f .  P a i n  e v a l u a t i o n  q u e s -
tionnaires that are used in clinical wards rarely address the 
hour of onset or the hours of lowest pain of the patients. 
Lack of information regarding the biological rhythms of 
pain could account in part for the fact that pain often per-
sists despite continuous administration of opioids.
    In conclusion, we f ound that the time of administration 
o f  s p i n a l  l o c a l  a n e s t h e t i c s  i n f l u e n c e s  t h e  d u r a t i o n  o f  
anesthesia. However, further studies in the field of spinal 
anesthesia are needed to confirm our findings. To max-
i m i z e  t h e  e f f e c t i v e n e s s  o f  i n t r a t h e c a l  l o c a l  a n e s t h e t i c s ,  
awareness of the biologic rhythms in local anesthetics and 
pain intensity is a necessity. 
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